Introduction
Ionic liquids have attracted extensive attention in a variety of elds owing to their extraordinary physicochemical properties, such as wide liquid range, high thermal stability, powerful solvent capacity, nonammability, nonvolatility, and good reusability. They can work as catalysts, environmentally-benign solvents, green reaction media, electrolytes and surfactants in various elds like organic synthesis, 1 catalytic chemistry, 2, 3 electrochemistry, 4 separation, 5 material preparation 6 and electrophoretic displays. 7, 8 Moreover, their properties can be varied to some extent for specic applications by changing their structure. 9 Although signicant progress has been achieved in the study of acidic and neutral ionic liquids, the reports on basic ionic liquids are relatively rare. Basic ionic liquids have been reported to promote reactions, such as Michael addition, 1 Markovnikov addition 10 and Knoevenagel condensation, 11 and Henry reaction, 12 and they have shown good catalytic efficiency and recycling property. However, much attention has been focused on their signicant roles in controlling various organic reactions as solvents and catalysts. Our understanding of how basic ionic liquids control the desired reactions is very limited.
Imidazolium-based ionic liquids are an important kind of ionic liquid, and they usually consist of ion pairs and long alkyl chains. 7, 13 These ionic liquids with long alkyl chains could aggregate together and form micelles in aqueous solution, which favors the miscibility of immiscible substances due to the solubilization effect of the micelles.
14-18 For basic imidazoliumbased ionic liquids, they could own both basicity and surfactivity.
Quinazolinones are important and useful nitrogencontaining heterocyclic compounds and show diverse bioactivities, including anti-bacterial, anti-inammatory, antitumor and anti-hypertensive. [19] [20] [21] [22] The traditional methods to synthesize quinazolinones have many drawbacks like multistep procedures, high cost, toxic reagents, harsh reaction conditions and poor yields. [23] [24] [25] [26] [27] [28] A condensation between 2-aminobenzonitrile and carbonyl compounds was reported to synthesize quinazolinones, 29 and alkaline catalysts, typically NaOH or 1,8-diazabicyclo [5.4 .0]undec-7-ene(DBU), are used to promote this reaction. However, high corrosivity and difficult recovery hinder the wide application. N-heterocyclic carbine was used to catalyze in this reaction by our group, and the yield of quinazolinone arrived 97%. 16 Unfortunately, N-heterocyclic carbene catalyst was easy to decompose and difficult to be recycled. The aqueous solution of ionic liquid with both basicity and amphiphilicity is potential efficient, green and recoverable catalytic system for the synthesis of quinazolinones.
In this work, basic 1-propyl-3-alkylimidazolium hydroxide ionic liquids ([PRIm] [OH]) were synthesized and used to promote the synthesis of quinazolinone in aqueous medium. The inuences of surfactant behavior and catalytic performance of the synthesized ionic liquids on this reaction were investigated.
Experimental

Materials and reagents
1-Propylimidazole (98%) was purchased from Energy Chemical. 1-Bromopropane (99%), 1-bromohexane ($98%), 1-bromododecane (99%) and 1-bromohexadecane (99%) were purchased from Sinopharm Chemical Reagent Beijing Co. Ltd. Absolute ether, hydrochloric acid, hydrogen nitrate, Na 2 CO 3 NaOH, and AgNO 3 were analytically pure and purchased from Beijing Chemical Works. Anion exchange resin, 2-aminobenzonitrile and cyclohexanone were purchased from J&K Scientic Ltd. Water used was distilled water. (or NaOH), 1.0 mmol 2-aminobenzonitrile and 1.5 mmol cyclohexanone (Scheme 1). The yield of quinazolinone was determined by a Techcomp LC2000 HPLC using an ultraviolet detector. A Kromasil 100-5 C18 column (4.6 mm Â 5 m Â 250 mm) was used and the mobile phase was a weakly basic water/methanol mixture (50 : 50 v/v) at a ow rate of 1.0 mL min À1 . The detection wavelength was 254 nm, and the column was held at room temperature.
Characterization
Fourier transform infrared (FTIR) spectrometry analysis was carried out on a NICOLET iS10 Fourier transform infrared spectrometer (Thermo, America) in a frequency range of 400-4000 cm À1 with a resolution of 4 cm À1 , a scanning number of 16
and KBr as a reference. 1 
Results and discussion
Chemical composition of the synthesized [PRIm] [Br] ionic liquids were analyzed by FTIR and 1 H NMR spectra, and shown in Fig. 1 . As shown in Fig. 1(a) , 2960 cm À1 , 2925 cm À1 and 2854 cm À1 were assigned to stretching vibration of saturated C-H bond; 1464 cm À1 was assigned to bending vibration of saturated C-H bond; 1378 cm À1 was assigned to the symmetrical bending vibration of CH 3 ; 721 cm À1 was assigned to swing vibration of alkyl chain of (CH 2 ) n (n $ 4); at the same time, 3062 cm À1 and 3130 cm À1 were assigned to vibration of unsaturated C-H bond; 1563 cm À1 was assigned to stretching vibration of imidazole ring, 750 cm À1 was assigned to the bending vibration of imidazole ring. Besides, all of the hydrogen atoms appeared in their 1 H NMR spectra ( Fig. 1(b) ). [OH] own excellent surfactivity, and the surfactivity increased obviously with alkyl chain length increasing. Dynamic light scattering has been employed to gain insight into the size of the formed micelles. Fig. 4(b) shows the light scattering proles for [PRIm] [OH] at a concentration three times that of their respective cmc values. It can be seen in Fig. 4(b) that the formed micelles exhibit hydrodynamic diameters, proving the existence of micelles. The surfactant behavior and catalytic performance of basic ionic liquid were characterized by the model condensation of 2-aminobenzonitrile with cyclohexanone and displayed in Fig. 5 . It could be observed that NaOH showed the lowest catalytic performance with the product yield of 5%. Compared with NaOH, [PPIm] [OH] showed a slightly better catalytic property. For basic ionic liquids with carbon numbers of the alkyl groups no more than 12, the catalytic performance increased obviously with alkyl chain length increasing, while for [PHeIm] [OH] whose carbon number of alkyl group exceed 12, its catalytic performance decreased slightly. [PDoIm] [OH] achieved the highest product yield. The analyses above indicated the significant role of [PRIm]OH in the condensation of 2-aminobenzonitrile with cyclohexanone. The reaction process was observed and displayed in Fig. 6 . Basic [PDoIm] [OH] aqueous solution was completely colorless transparent. When the hydrophobic reactants were added into the solution, a yellow and transparent solution formed. With the reaction going on, white solid product formed and precipitated at the bottom till the reaction ended.
To reveal the disperse state of each component and analyze synthesis mechanism, the aggregation states of [PRIm] [OH] and reactants in water were simulated by dissipative particle dynamics method. As shown in Fig. 7(a) , [PDoIm] [OH] with concentration of 150 mmol L À1 could be dissolved in water and formed a transparent solution at 60 C. Cyclohexanone could be dissolved in water at 60 C, while 2-aminobenzonitrile showed poor miscibility with water ( Fig. 7(b) ). When [PDoIm] [OH] and reactants were added into water simultaneously, an uniform transparent liquid formed (Fig. 7(c) and 6(b) ). The snapshot of the simulated system showed that [PDoIm] [OH] mainly aggregated on the interface between water and hydrophobic reactant and the micelles formed. At one hand, the formed micelles brought increased contact interface area and contact odds; at the other hand, the basic catalysts at the interface facilitated the contact of reactants with catalytic activity sites and accelerated reaction process. Furthermore, the formed solid product would precipitate from the reaction system ( , more [PDoIm] [OH] assembled together, and the size of the formed micelles increased, resulting in more solubilization of hydrophobic reactants in the "micro micelle reactor" and more catalytic sites at the interface of the micelles.
Based on the analyses above, basic ionic liquids play a key role in the synthesis of quinazolinone in aqueous media, and their basicity and surfactivity favor the condensation profoundly (Scheme 2). When NaOH was used as catalyst, hydrophobic reactants could not be dissolved in water, and the reaction could only happen at the limited interface of water and reactants. The limited interface supplied insufficient contact of reactants with catalytic active sites, resulting in a poor product yield. When [PPIm] [OH] was used as catalyst, its concentration in the reaction system was 150 mmol L À1 , much lower than its CMC value of 546 mmol L À1 , which affected the miscibility of the reactants in water badly and resulted in poor product yield. For [PRIm] [OH] (R ¼ H, Do and He) ionic liquids, which showed excellent surfactant, their dosages in the reaction system were higher than their CMC values. When they were added into the reaction system, they could shrink the interfacial tension greatly and form micelles. The formed micelles could solubilise more reactants into water and enlarge the contact interface and chance of reactants with catalytic active sites effectively, leading to increased product yield. As increasing of their dosages, the solubilization was denitely improved, and the product yield increased remarkably. The catalytic performances of basic ionic liquids are well coincidence with their surfactant behavior. Keeping as close as possible to the general experimental conditions stated above, the recyclable property of [PDoIm] [OH] was studied and illustrated in Table 2 . The aqueous solution of [PDoIm] [OH] was collected by simple ltration and reused in the reaction. It could be seen that the product yield decreased in the second run, which was probably owing to the wastage of [PDoIm] [OH] caused by the adsorption onto the solid product of quinazolinone at the rst run. In the third run, the yield of quinazolinone did not change obviously. This result indicated that the catalytic system is a promising recyclable system.
Conclusions
The basic [PRIm] [OH] ionic liquids were synthesized via quaterisation and ion exchange process. [PRIm] [OH] owned Scheme 2 Synthesis scheme of the condensation. Red, green and yellow spheres represented respectively 2-aminobenzonitrile, cyclohexanone and product, and ellipsoid pairs with long tails are basic ionic liquid. hydrophilic ion pairs and hydrophobic alkyl groups, endowing them with excellent surfactivity. 
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